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Abstract
The effect of growth regulators gibberellic acid (Pro-Gibb™), daminozide (BNine™), ancymidol (A-Rest™) and paclobutrazol (Bonzi™) were evaluated on species
of Clerodendrum grown as flowering pot plants. Studies on photoperiod and postproduction longevity were also included. Experiments were conducted on C. bungei, C.
thomsoniae, C. ugandense, C. phillippinum, C. paniculata and C. speciosissimum in
polycarbonate greenhouses.
For C. thomsoniae the best growth control was achieved by applying
paclobutrazol and ancymidol drench at a rate of 1.0 mg a.i. /pot. For C. ugandense, the
most appropriate application rate of PGR was paclobutrazol drench at 5 to 15 mg a.i./pot.
C. bungei did not respond significantly to either daminozide or paclobutrazol treatments
compared to control.
Based on the visual quality rating, C. bungei were acceptable as marketable plants
until day 7, and C. ugandense were acceptable as marketable plants until day 5. Neither
daminozide nor paclobutrazol had any effect on C. bungei quality ratings in postproduction. In C. ugandense, however, there were significant differences in postproduction when comparing the daminozide and the paclobutrazol treatments. On day 5,
7 and 11, the paclobutrazol treated plants had significantly lower quality ratings
compared to control and compared to those treated with daminozide. It appears that the
paclobutrazol treatment may produce a quality plant, but has a negative effect on postproduction longevity.

v

Gibberellic acid at 10 ppm was considered the best rate and most economical rate
for promoting optimum vegetative growth of C. thomsoniae to sufficiently cover a round
support hoop.
C. speciosissimum, C. phillippinum, C. paniculata and C. speciosissimum were
determined to be long day plants (12-h photoperiod or longer). Height of C. paniculata
and C. speciosissimum was significantly increased by the 12 or 16-h photoperiod.
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Chapter 1.
Introduction
1.1 Introduction and Literature Review
The genus Clerodendrum has a wide variety of traits that make it a good candidate for a
new crop for the floriculture industry. Characteristics of these plants that make them attractive to
the industry are variation in type of foliage, production of many flowering inflorescences on one
plant, and some have continuous bloom and are fast growing with a short production cycle.
These plants can be sold for use as an indoor flowering pot plant and planted outdoors during the
summer. This genus has over 450 species that are widely different (Bailey, 1977).
In the floriculture industry, this genus is considered to be in the market class “other
flowering plants”. USDA reports for 2003 that this class makes up about 30% ($72,424,000) of
the total flowering pot plant ($242,246,000) market in the USA.
•

Clerodendrum thomsoniae Balf.

Clerodendrum thomsoniae is the primary species of Clerodendrum that has been used in
the trade and grown as a flowering pot plant and patio plant. The remaining species are relatively
new to the ornamental industry, and because of their diverse growth habit, there is little
information on cultural practices required for producing a quality marketable plant. Thus, most
of the research and published information on growing is based on C. thomsoniae.
“C. thomsoniae is a rambling, twining, vinelike scrub native to tropical West Africa. It is
not truly hardy outside zones 10 and 11, although it is grown in zone 9 where it is often root
hardy. It is commonly called the bleeding-heart vine or bag-flower and grows to 6 m, or so with
proper support, adequate moisture and partial shade. The leaves are ovate, elliptic or oblongovate, 15.2 or 17.8 cm long and glossy above with deeply depressed veins (Riffle, 1998).” The
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inflorescences are in cymes, and flowers have a large white calyx and a crimson corolla (Bailey,
1977).
Research has been conducted on this species investigating propagation, plant growth
retardants, photoperiod and temperature. Propagation of C. thomsoniae may be by seed, terminal
cuttings or single node cuttings (Fountain, 1977). Terminal cuttings or single-node, double-eye
cuttings are the most prolific method for producing flowering pot plants (Koranski, 1976).
Pinching Clerodendrum increased the number of axilary shoots and the number of
flowers, but delayed flowering (Koranski, 1976). Chlormequat and ancymidol have also been
shown to reduce plant growth and increase number of flowers (Koranski, 1976). Ancymidol
applied as a foliar spray at 6 and 8 ppm, however, was the most effective method of height
control and resulted in a 50-fold increase in flowers (Koranski, 1976). Kruger (1979) reported
that sprays of 50 ppm ancymidol reduced plant growth by 40% of the control and resulted in
superior flowering. Ancymidol as a drench at 2, 4, 6 or 8 ppm was found to be deleterious to
plant growth (Fountain, 1977). Drenches of 750 ppm ancymidol, 100 ppm paclobutrazol or 0.5
mg a.i./pot for either chemical resulted in similar height control, however, but effect on
flowering was not discussed (Dole and Wilkins, 1999). Ethaphon™ was found to be ineffective
and resulted in internode elongation and failure to control plant growth (Fountain, 1977). The use
of GA3 and GA3 plus ancymidol resulted in internode elongation and failure to flower regardless
of photoperiod (Kornaski, 1976).
Clerodendrum thomsoniae flowers spring through summer and photoperiod has little
effect on flower initiation (Fountain, 1977). Beck (1975) indicated that flower initiation may be
independent of day length, but flower development is favored by short days (≤ 12 h).
Approximately 35 short days are required for flower initiation and development (Engel, 1983;
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Shillo and Engel, 1985). Long days can delay development prior to visible bud (Stromme and
Hildrum, 1985). Thus, C. thomsoniae should be considered a facultative (quantitative) short day
plant. Light intensity of greater than 720 µmol s-1 m-2 is required for flower initiation regardless
of photoperiod (Fountain, 1977). Koranski (1976) speculated that a high red to far-red ratio
induced flowering where a low red to far-red radiation delayed flowering. Temperature exhibited
little effect on flower induction; however, temperatures above 27o C increased development of
flowers (Koranski, 1976). Temperatures of 27/22o C day/night induced all plants to flower and
reach anthesis; however, 32/27o C day/night inhibited all flowers initiation regardless of
photoperiod (Shillo and Engel, 1985).
•

Clerodendrum ugandense Prain.

Clerodendrum ugandense is the second most researched Clerodendrum that has been
investigated (Anderson et al., 1993). “This species is native to tropical Africa and is hardy in
zones 10 and 11 and marginal in zone 9b. C. ugandense attains a maximum height of 2.74 m,
with leaves elliptical, faintly toothed, dark to medium green, about 12.7 cm long, smooth and
rather glossy. The inflorescence is a corym. Flowers are almost orchid like with small red
calyces from which project four blue obovate petals and one purple-“lipped” petal. Stamens are
purple, and recurved projecting upward. The plant does best in partial shade with adequate water
and rich soil (Riffle, 1998).”
Growth retardation with ancymidol at 20, 40 and 60 ppm drench applied at 50 ml per pot
was necessary for production of a quality flowering plant, and floral induction of C. ugandense.
This species is photoperiod and temperature neutral and flowering usually occurs after the
formation of six or seven leaf pairs (Andersen et al., 1993). They also concluded that C.
ugandense as a flowering pot plant is possible, the production time short (60-78), the plants are
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decorative and have a good post-production longevity. The use of STS (silver thiosulfate),
however, was necessary for maintaining reasonable post-production longevity. STS was applied
as a 3 g L-1 spray to runoff.
•

Clerodendrum quaduloculare

“This species is indigenous to the Philippines and is hardy in zones 10b and 11. The
shrub grows to 6.1 m and may be trained to a small tree form. The underside of the leaves and
stems are reddish-purple, foot long lanceolate to ovate-lanceolate and dark green with lighter
colored veins on the upper surface. The flower clusters appear in the late winter, spring and
summer and are 0.3 m high with many 2.5 cm white, five-petaled flowers, in umbels, with very
long pink tubes and protruding white stamens. It needs rich, moist soil that is well drained and
the plant must have sun to bloom (Riffle, 1998).”
•

Clerodendrum bungei Steud.

This species is native to China, Myanmar (Burma) and eastern India, and is adaptable in
zones 8 through 11 and possibly in warmer parts of 7. The plant is invasive and has mostly
unbranched stems that will grow as high as 3.1 m (Riffle, 1998). The leaves are long petioled,
broadly ovate to 0.3 m long and coarsely toothed (Bailey, 1977). “Flowers appear most heavily
in late spring, but may be found in summer and fall also. The inflorescences are large, densely
packed (to 20.3 cm wide), convex, rounded corymbs. The flower bud is dark violet and opens
into a five-petaled flower of pure pink. The plant suckers with spreading roots that can travel as
much as 6.1 m before sending up a stem. It grows in full sun or part shade, in most soil types and
has naturalized in many parts of the U.S. where it is known as cashmere bouquet (Riffle, 1998).”
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•

Clerodendrum phillippinum Schauer

“This species is native to eastern China, the Philippines and the southern Japanese
islands, and is adaptable to zones 9 through 11. It is a medium-sized shrub growing to 3.1 m. The
stems are seldom branched as in C. bungei and suckers like C. bungei, but is not invasive. The
dark green leaves are about 0.3 m across, ovate to triangular, pubescent and deeply veined. The
fragrant inflorescences are in densely flowered terminal clusters with each flower shaped like a
small rose, ivory to peach blush (Riffle, 1998).”
•

Clerodendrum speciosissimum

“This species is indigenous to Sri Lanka, Sumatra and Java and grows to 3.7 m. It is root
hardy in zone 9a, relatively dependable in 9b and hardy in zones 10 and 11 (Riffle, 1998).”
Leaves are ovate to 0.3 m long, cordate entire or toothed and densely pubescent. Flowers are
bright scarlet and form on terminal panicles 0.5 m long (Bailey, 1977).
•

Clerodendrum paniculata L.

“This species is commonly known as the pagoda flower and is native to Southeast Asia.
Although it grows in zones 9 through 11. It grows 1.8 - 2.4 m with leaves that are a foot wide,
orbicular to ovate with deeply depressed veins. Flowers are carmine to scarlet and appear all year
long (mostly in summer) in 45.7 cm long, densely flowered terminal panicles that resemble a
Chinese pagoda. Flowers consist of a 7.6 cm tube, which ends in a 5 cm wide fan of petals. The
plant does best in full sun, and can be grown in partial shade, in rich soil with ample water. It
suckers but is not truly invasive (Riffle, 1998).”
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1.2 Plant Growth Regulation
•

Gibberellic Acid

In 1926, E. Kurosawa studied a rice disease that is known as the ‘foolish seedling
disease’ in Japan, later known as Bakanae Disease. The plants grew extremely fast, looked
spindly and pale and broke off easily. Kurosawa detected that the reason for this abnormal
growth is a substance that is secreted by a parasitic fungi (Fusarium moniliforme = Gibberela
fujikuroi). Today there are more than 110 different gibberellins known (Von Sengbusch, 1989).
The gibberellins are diterpenoid acids that have the same basic ent-giberelane ring
structure. Gibberelins are classified in two different groups according to the number of carbon
atoms–C20-GAs that have a full complement of 20 carbon atoms and C19-GAs that have lost the
20th carbon atom by metabolism (Sponsel, 1987).
Certain commercial chemicals, which are used to stunt growth, do so in part because they
block the synthesis of gibberellins. Some of these chemicals are Phosphon D™, Amo-1618™,
Cycocel™, ancymidol and paclobutrazol. During active growth, the plant will metabolize most
gibberellins by hydroxylation to inactive conjugates quickly with the exception of GA3. GA3
degrades much slower which helps to explain why the symptoms initially associated with the
hormone in the disease bakanae are present. Inactive conjugates might be stored or translocated
via the phloem and xylem before their release (activation) at the proper time and in the proper
tissue (Arteca, 1996; Sponsel, 1995).
Active gibberellins show many physiological effects, each depending on the type of
gibberellin present as well as the species of plant. Some of the physiological processes
stimulated by gibberellins are outlined (Davies, 1995; Mauseth, 1991; Raven et al., 1992;
Salisbury and Ross, 1992).
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•

Stimulates stem elongation by stimulating cell division and elongation.

•

Stimulates bolting/flowering in response to long days.

•

Breaks seed dormancy in some plants, which require stratification or light to induce
germination.

•

Stimulates enzyme production (α-amylase) in germinating cereal grains for mobilization
of seed reserves.

•

Induces maleness in dioecious flowers (sex expression).

•

Can cause parthenocarpic (seedless) fruit development.

•

Can delay senescence in leaves and citrus fruits.
Gibberellins are commonly used to increase stem elongation and induce flower

development (Dole and Wilkins, 1999). Gibberellic acid can stimulate growth by increasing cell
elongation in some plant species, and by increasing both cell elongation and cell division in
others (Metraux, 1987; Jupe et al., 1988). Gibberellins are used to enhance elongation of many
cut flowers and to promote bud break, thus producing more flowering shoots (Halvey, 1995).
Stem elongation mediated by gibberellins can be measured quantitatively by recording internode
lengths of GA treated plants.
1.3 Growth Retardants
Marketable flowering pot plants are most often grown to reach a standard of 1.5 to 2
times the height of the container (Nelson, 1998). Prior to the use of plant growth retardants
(PGRs), plants were water and nutrient stressed to reduce height, which resulted in a poor
appearance of flowers and foliage. Today PGRs are applied to control and reduce height. In
general, PGRs produce plants with shorter internodes but do not affect the number of leaves
formed. The resulting stems are thicker and leaves may be a deeper green as a result of higher
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concentrations of chlorophyll in smaller cells. Treated plants finish with an increased marketable
appearance (Nelson, 1998).
Plant growth retardants are applied to agronomic and horticultural crops to reduce
unwanted longitudinal shoot growth without lowering plant productivity. Most growth retardants
act by inhibiting gibberellin biosynthesis (Rademacher, 2000).
A-Rest™ (ancymidol), a pyrimidine analog, is used primarily to retard stem elongation of
annuals and perennials grown in containers (Basra, 2000). Ancymidol effectively controls the
height of, and is labeled for, numerous annual and perennial plants, and can be applied as a spray
or drench depending on the crop (Nelson, 1998).
B-Nine SP™ (daminozide) is an effective height retardant labeled for use in azalea, pot
chrysanthemum, gardenia, hydrangea and many bedding and foliage plants. Azalea treated with
daminozide promoted early and more extensive flower-bud set and retarded vegetative shoot
development. Daminozide is the most commonly used PGR in the floriculture industry. In
general, it is not phytotoxic and has a short-term effect that seldom results in overstunting of
treated plants (Latimer et al., 2001).
Bonzi™ (paclobutrazol), of the triazole group, is a more recent height retardant.
Compared to other PGRs, triazoles are effective at relatively low doses and are nonphytotoxic
(Basra, 2000). Although it may be used as a drench or a spray, the chemical solution must have
contact with the stem or roots because it is not translocated to the apex through the leaves (Dole
and Wilkins, 1999). It is labeled for use in chrysanthemums, hibiscus, geranium, poinsettia and
many other potted ornamentals (Nelson, 1998).
In woody plants such as butterfly-bush (Buddleia spp L.) 0, 5, 10, 20 or 40 mg a.i./pot of
paclobutrazol granular formulation or 100 ml liquid drench at same rates were applied to 17 cm

8

plants. The 10 mg a.i./pot of the liquid drench was found to reduce plant height and produced a
quality marketable plant (Ruter, 1992). In Rhododendron ‘Sir Robert Peel’, 250 to 2000 mg
a.i. L-1 of foliar sprays were less inhibitory than drenches, and a single spray of 500 mg L-1 was
considered an appropriate commercial application rate (Wilkinson and Richards, 1991).
1.4 Photoperiodism
Photoperiodism is the response of a plant to the day-night cycle. The mechanism that
allows plants to track time actually measures the dark period. The pigment in photoperiodic
plants known as phytochrome serves as the light receptor. When the plant is in the daylight or
artificial light, phytochrome exists in a form known as Pfr, which is sensitive to light in the farred region with a peak response at 735 nm. The Pfr form is the active form that controls the
photoperiodic response. It inhibits flowering in long-night plants and promotes flowering in
short-night plants (Nelson, 1998).
Response can mean many things such as flower initiation and development, plant
dormancy, seed germination and plant growth habit. Many plant responses can be divided into
three basic types–short day (SD), long day (LD) and day neutral (DN). SD plants will flower
when the dark period is longer than the critical length, and LD plants will flower when the dark
period is shorter then the critical length (Dole and Wilkins, 1999).
Some species cannot be simply categorized as SD, LD or DN plants. Many plants will
flower under a wide range of day lengths, but will flower more rapidly under either SD or LD
and are known as facultative (quantitative) SD or LD plants. Obligate (qualitative) SD or LD
plants will not flower under incorrect photoperiods. Salvia (Salvia splendens F.) is classified as a
facultative SD plant because it will flower at any day length but will flower faster under short
day conditions. In contrast, poinsettia is classified as an obligate SD plant. In floriculture, day
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length is manipulated by providing night-interrupted lighting (LD) or by black cloth (SD). Both
techniques can be automated (Dole and Wilkins, 1999).
The only information on Clerodendrum is on Clerodendrum thomsoniae, which flowers
spring through summer and photoperiod has little effect on flower initiation (Fountain, 1977).
Beck (1975) indicates that flower initiation may be independent of day length, but flower
development is favored by short days. Approximately 35 short days (≤ 12 h) are required for
flower initiation and development (Engel, 1983; Shillo and Engel, 1985). Long days can delay
development prior to visible bud (Stromme and Hildrum, 1985). Thus, C. thomsoniae should be
considered a facultative (quantitative) short day plant. Light intensity of greater than
720 µmol m-2 s-1 is required for flower initiation regardless of photoperiod (Fountain, 1977).
Koranski (1976) speculated that a high red to far-red ratio induced flowering where a low red to
far-red radiation delayed flowering.
1.5 Post-production
Evaluation of flowering potted plant longevity is known as post-production (Nell and
Hoyer, 1995). Flowering potted plant quality and post-production life continues to be a
significant issue for growers, wholesalers and retailers. Over the past decade, considerable work
has been conducted with poinsettias, chrysanthemums, azaleas and other crops. The research on
poinsettias and chrysanthemums has led to significant improvements in varieties, handling
procedures and increased flowering potted plant life (Nell et al., 1997). Detailed post-production
information is limited to only a few species; in particular, new species or cultivars should be
tested as they appear on the market (Dole and Wilkins, 1999).
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Interior performance of Clerodendrum must be evaluated to have a successful market
strategy. Good longevity in a typical indoor environment will assure consumer acceptance (Nell
and Barrett, 1989).
Plants should be evaluated using standard interior conditions. A constant temperature of
20o C, relative humidity of 40-60% and an irradiance level of 8 µmol m-2 s-1 should be provided
for 12 h daily. The light source should provide a spectral light quality equivalent to a cool, white
fluorescent tube. The growing medium should be maintained moist throughout the study. Onethird to one-half air exchange per hour should be used and air should contain less than 0.03 ppm
ethylene (Nell and Hoyer, 1995).
The research objectives of this thesis were to help determine the most appropriate cultural
practices for growing C. thomsoniae, C. ugandense, C. quaduloculare, C. bungei, C.
phillippinum, C. speciosissimum and C. paniculata as flowering potted plants. The following
objectives were used to define this research on these species.
•

Determine the proper rates of gibberellic acid for stem elongation and its effect on growth
and flowering.

•

Determine the proper rate of ancymidol, paclobutrazol and daminozide as growth
retardants.

•

Determine photoperiodicity.

•

Determine post-production longevity.
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Chapter 2.
Preliminary PGR Study
2.1 Introduction
The floriculture industry is always searching for new flowering pot plants to meet the
needs of the consumer. Characteristics of the genus Clerodendrum that make it attractive to the
industry are variation in type of foliage, many flowering inflorescences on one plant, and some
have continuous bloom and fast growing with a short production cycle. These plants can be sold
for use as indoor flowering pot plants and planted outdoors during the summer.
To produce a quality flowering pot plant, proper greenhouse production practices must be
developed. Propagation, fertilization, irrigation, media preparation, pest management, plant
growth regulation, temperature control, shading, photoperiod manipulation and post-production
management are important factors that must be determined to produce a quality flowering potted
plant (Sarmiento, 2000). Before a new flowering pot plant can be introduced to the market, all of
these factors must be determined.
Research has been conducted on C. thomsoniae investigating propagation, plant growth
retardants, photoperiod and temperature. Propagation of C. thomsoniae may be by seed, terminal
cuttings or single-node cuttings (Fountain, 1977). Terminal cuttings or single node–double eye
cuttings are the most prolific method for producing flowering pot plants (Koranski, 1976).
Pinching Clerodendrum increased the number of axilary shoots and the number of
flowers, but delayed flowering (Koranski, 1976). A-Rest™ applied as a foliar spray at 6 and 8
ppm, however, was the most effective method of height control and resulted in a 50-fold increase
in flowers (Koranski, 1976). Kruger (1979) reported that sprays of 50 ppm ancymidol reduced
plant growth by 40% of the control and resulted in superior flowering. The use of Cycocel™
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(chlormequat) and ancymidol as a drench was found to be deleterious to plant growth (Fountain,
1977). Drenches of 750 ppm ancymidol, 100 ppm paclobutrazol, or 0.5 mg a.i./pot for either
chemical resulted in similar height control; however, effect on flowering was not discussed (Dole
and Wilkins, 1999). Ethaphon™ was found to be ineffective in controlling plant growth
(Fountain, 1977).
C. thomsoniae is a facultative (quantitative) short day plant. Light intensity greater than
720 µmol m-2 s-1 is required for flower initiation regardless of photoperiod (Fountain, 1977).
Temperatures of 27/22° C day/night induced all plants to flower and reach anthesis; however,
32/27° C day/night inhibited all flower initiation regardless of photoperiod (Shillo and Engel,
1985).
For C. ugandense, growth retardation with ancymidol at 20, 40 and 60 ppm drench
applied at 50 ml per pot was necessary for production of a quality flowering plant. Floral
induction of C. ugandense is day and temperature neutral and usually occurs after the formation
of six or seven leaf pairs (Andersen et al., 1993). They also concluded that C. ugandense as a
flowering pot plant is possible, the production time short (60-78 d), the plants are decorative and
good post-production longevity. The use of STS (silver thiosulfate) however, was necessary for
maintaining post-production longevity. STS was applied as a 3 g L-1 spray to runoff.
The objective of this experiment was to determine the effect of ancymidol and
paclobutrazol on C. thomsoniae, C. bungei and C. ugandense.
2.2 Materials and Methods
Semi-hardwood, terminal rooted cuttings with 4-6 leaf pairs of C. ugandense and C.
bungei were planted on 23 April 2003; C. thomsoniae cuttings were planted 12 May 2003. All
cuttings were planted one per 15.2-cm container filled with a mixture of 5:3 Promix:pine bark
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(Premier Horticulture, Red Hill, PA). All plants received ambient light levels in a polycarbonate
greenhouse with temperature set points of 30° C day/23° C night. Plants were immediately
drenched with Banrot™ (Scott Co., Marysville, OH) at a rate of 2.3 g L-1 and Marathon™
(Olympic Horticultural Products, Mainland, PA) at the rate of 1.5 g per pot. Weekly treatments
with Avid Insecticide/Miticide™ (Syngenta Professional Products, Wilmington, DE) at a rate of
1.16 g L-1 began 27 May 2003 for all plants. Plants were fertilized with Peters™ 20N-10P-20K
(Scott Co., Marysville, OH) water-soluble fertilizer at the rate of 200 ppm N.
Two weeks after transplant, central leaders were pinched and three treatments were
applied once a week for three weeks. The spray applications consisted of H2O (control),
ancymidol at 100 or 200 ppm and paclobutrazol at 100 or 200 ppm. The drench applications
consisted of H2O (control), ancymidol at 0.5 or 1.0 mg a.i./pot or paclobutrazol at 0.5 and 1.0 mg
a.i./pot. Treatments were randomly assigned at the beginning of the experiment in the form of a
complete random design.
Days to flower of each species were recorded. Plants of C. bungei were harvested when
first flower in inflorescence was open. C. ugandense were harvested when half of the flowers of
the first inflorescence were open. C. thomsoniae were all harvested 49 d from the first treatment.
At harvest, measurements were taken for C. ugandense and C. bungei for height, number of
laterals, number of inflorescences, internode length, and number of leaves. For C. thomsoniae,
measurements were taken for the number of laterals, internode length and number of leaves. Data
was analyzed by PROC GLM and comparisons between means was by Tukey’s studentized
range at P≤ 0.05 (SAS, Cary, NC).
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2.3 Results
•

Clerodendrum thomsoniae

Both ancymidol and paclobutrazol reduced internode length in C. thomsoniae, but had
little effect on days to flower, number of laterals or number of leaves (Table 2.1). Ancymidol and
paclobutrazol drenches at the rate of 1.0 mg a.i./pot were most effective in reducing internode
lengths. At this rate, paclobutrazol and ancymidol both reduced internode length by an average
of 6 cm (Table 2.1).
Comparing application methods, ancymidol spray at 100 and 200 ppm, reduced internode
length by 2 and 3 cm, respectively. Ancymidol drench at 0.5 and 1.0 mg a.i./pot reduced
internode length by 5 and 6 cm, respectively. Paclobutrazol spray at 100 ppm and 200 ppm
reduced internode length by 3 and 4 cm, respectively. Paclobutrazol drench at 0.5 and 1.0 mg
a.i./pot reduced internode length by 4 and 6 cm, respectively.
Comparing the two plant growth regulators, paclobutrazol spray applications reduced
internode length by 3-4 cm, while ancymidol spray reduced internode length by 2-3 cm. Thus,
paclobutrazol spray was more effective in reducing internode length than ancymidol spray by
approximately 1 cm. Paclobutrazol and ancymidol drench applications were equally effective in
reducing internode length (Table 2.1 and Figures 2.1 and 2.2).

Figure 1.1. Pictorial representation of effect of control, paclobutrazol 0.5 and 1.0 mg a.i./pot
drench on C. thomsoniae
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Figure 1.2. Pictorial representation of effect of control, ancymidol 0.5 and 1.0 mg a.i./pot
drench on C. thomsoniae.

Table 2.1. Growth parameters (means n=6) for C. thomsoniae as affected by ancymidol or
paclobutrazol spray or drench.

Treatment

Days
to Flower

Growth response to treatment
Number
Internode
of Laterals
Length (cm)

Number
of Leaves

Spray (ppm)
H2O spray
ancymidol 100
ancymidol 200
paclobutrazol 100
paclobutrazol 200

23abz
23ab
31a
20b
21b

3
3
2
2
3

8a
6b
4bc
5bc
3c

56
52
50
45
43

19b
20b
20b
19b
17b

3
3
3
3
3

8a
3c
2c
4c
2c

58
50
47
51
40

Drench (mg a.i./pot)
H2O drench
ancymidol 0.5
ancymidol 1.0
paclobutrazol 0.5
paclobutrazol 1.0

Significance
**
NS
***
NS
z
Mean within columns are separated by PDIFF at P≤0.05. No letters within column indicates no
significant difference.
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
•

Clerodendrum ugandense

Neither ancymidol nor paclobutrazol affected days to flower, height, number of laterals,
number of inflorescences, internode length or number of leaves in C. ugandense. Days to harvest
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was reduced by paclobutrazol 1.0 mg a.i./pot by 5 compared to control. (Table 2.2 and Figures
1.3 and 1.4).

Figure 2.3 Pictorial representation of
effect of control on C. ugandense.

Figure 2.4 Pictorial representation of
paclobutrazol 1.0 mg drench on C.
ugandense.

Table 2.2. Growth parameters (means n=5) for C. ugandense as affected by ancymidol spray and
drench or paclobutrazol spray and drench.
Growth response to treatment
Treatment

Days to Days to
Flower Harvest

Height No. of
No. of
Internode
(cm) Laterals Inflorescences Length cm)

No. of
Leaves

Spray (ppm)
H2O
ancymidol 100
ancymidol 200
paclobutrazol 100
paclobutrazol 200

50z
50
50
50
48

68a
69a
68a
68a
65ab

72.6
73.4
76.8
67.7
64.4

8
8
8
8
8

5
5
5
5
5

4.9
5.2
4.9
5.0
5.0

146
148
153
145
140

49
49
46
47
47

66ab
64ab
65ab
64ab
61b

68.1
73.8
72.4
56.4
61.7

8
8
7
8
7

5
5
5
5
5

5.0
5.5
4.6
5.2
5.1

148
146
139
143
136

Drench (a.i./pot)
H2O drench
ancymidol 0.5
ancymidol 1.0
paclobutrazol 0.5
paclobutrazol 1.0

Significance
NS
**
NS
NS
NS
NS
NS
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates no
significant difference.
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
z
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• Clerodendrum bungei
Neither ancymidol nor paclobutrazol affected days to flower, days to harvest, height,
number of laterals, number of inflorescences, internode length or number of leaves in C. bungei.
Number of inflorescences was slightly reduced compared to control at the paclobutrazol 0.5
a.i./pot rate (Table 2.3 and Figures 2.5 and 2.6).

Figure 2.6 Pictorial representation of
the paclobutrazol 1.0 mg a.i./pot drench
of C. bungei.

Figure 2.5 Pictorial representation of
effect of control on C. bungei.

Table 2.3. Growth parameters (means n=3) for C. bungei as affected ancymidol spray and
drench or paclobutrazol spray and drench.
Growth response to treatment
Days to Days to Height No. of
No. of
Internode No. of
Treatment
Flower Harvest (cm) Laterals Inflorescence Length (cm) Leaves
Spray (ppm)
H2O
36z
71
69.2
2
1.4a
8.1
151
ancymidol 100
35
68
71.5
3
1.8a
8.1
145
ancymidol 200
40
68
62.9
2
2.0a
8.4
152
paclobutrazol 100
41
68
50.7
2
1.3a
8.7
153
paclobutrazol 200
38
71
64.2
2
1.9a
8.1
129
Drench (a.i./pot)
H2O drench
36
68
70.2
3
1.9a
7.5
144
ancymidol 0.5
40
71
56.6
3
2.2a
7.7
137
ancymidol 1.0
34
63
59.2
3
1.5a
7.5
140
paclobutrazol 0.5
32
65
67.1
2
1.2b
8.4
150
paclobutrazol 1.0
42
73
64.3
2
1.8a
8.0
143
Significance
NS
NS
NS
NS
**
NS
NS
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates no
significant difference.
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
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2.4 Discussion
The objective of this experiment was to determine the efficacy of paclobutrazol and
ancymidol (both spray and drench) on the species C. thomsoniae, C. ugandense and C. bungei.
For C. thomsoniae, the best height control was achieved by applying paclobutrazol and
ancymidol drench at a rate of 1.0 mg a.i. /pot. Previous research by Koranski (1978, 1979, 1987)
concluded that 0.9 mg a.i./pot drench of ancymidol, reduced internode elongation in C.
thomsoniae. C. ugandense and C. bungei were not affected by spray or drench of either PGR.
In conclusion, both C. ugandense and C. bungei are woody plants at maturity; therefore,
research must be conducted to determine what rates of growth retardants will control the height
of these woody plants. Previous research on C. ugandense by Andersen et al. (1993) reported 40
ppm drench of ancymidol was found to be optimal. To control the height of woody butterflybush, Ruter (1992) used 0, 5, 10, 20 or 40 mg a.i./pot of paclobutrazol granular formulation or
100 ml liquid drench at the same rates, applied to plants 17 cm tall. The 10 mg a.i./pot liquid
drench was found to reduce plant height and produced a quality marketable plant (Ruter, 1992).
In Rhododendron ‘Sir Robert Peel’, 250 to 2000 mg a.i. L-1 of foliar spray of paclobutrazol were
less inhibitory than drenches, and a single spray of 500 mg L-1 was considered an appropriate
commercial application rate (Wilkinson and Richards, 1991).
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Chapter 3.
PGR Study on Clerodendrum ugandense
3.1 Introduction
Clerodendrum ugandense is considered a sprawling shrub that may be trained as a vine
(Riffle, 1998). Growth retardation with ancymidol at 20, 40 and 60 ppm drench applied at 50
ml/pot was necessary for production of a quality flowering plant, and floral induction of C.
ugandense is day and temperature neutral and usually occurs after the formation of six or seven
leaf pairs (Andersen et al., 1993). They also concluded that C. ugandense as a flowering pot
plant is possible, the production time short (60-78 days), the plants are decorative and have good
post-production longevity. Andersen et al. (1993) reported that the number of flowers per plant
for C. ugandense reached a maximum of 15 flowers ten days after transfer to the interior
environment. On day 20, the number of flowers was reduced to five; and by day 35, no more
flowers were present. This study, however, used STS (silver thiosulfate) to improve postproduction longevity. Previous research by the author indicated that the application of ancymidol
and paclobutrazol at 100 and 200 ppm spray and 0.5 and 1.0 mg a.i./pot had no effect on plant
growth or flowering.
C. ugandense is considered a spreading shrub (Riffle, 1998). Thus, higher rates of PGRs
should help control growth. Marketable flowering pot plants are most often grown to reach a
standard of 1.5 to 2 times the height of the container (Nelson, 1998).
To control the height of butterfly-bush, a woody shrub, Ruter (1992) used 0, 5, 10, 20 or
40 mg a.i./pot of paclobutrazol granular formulation or 100 ml liquid drench at the same rates
applied to plants 17 cm tall. The rate of 10 mg a.i./pot of the liquid drench was found to reduce
plant height and produced a quality marketable plant (Ruter, 1992). In Rhododendron ‘Sir Robert

23

Peel’, 250 to 2000 mg a.i. L-1 of foliar sprays were less inhibitory than drenches, and a single
spray of 500 mg L-1 was considered an appropriate commercial application rate (Wilkinson and
Richards, 1991).
The objective of this research was to establish appropriate rates of daminozide or
paclobutrazol for growth retardation in C. ugandense in order to produce a quality flowering
potted plant.
3.2 Materials and Methods
Semi-woody rooted cuttings with 4-6 leaf pairs of C. ugandense were planted on 16
March 2004. All cuttings were planted one per 15.2 cm container filled with a mixture of 5:3
Promix: pine bark (Premier Horticulture, Red Hill, PA). All plants received ambient light levels
in the greenhouse with temperature set points of 30° C day/23° C night. Plants were immediately
drenched with Banrot ™ (Scott Co., Marysville, OH) at a rate of 2.3 g L-1 and Marathon™
(Olympic Horticultural Products, Mainland, PA) at the rate of 1.5 g/pot was reapplied 3 June
2004. Duraguard™ (Whitmire Micro-Gen Research Labs, St. Louis, MO) was applied as a
sprench at the rate of 7.8 ml L-1 to control fungus gnats. Plants were fertilized with Peters™
20N-10P-20K (Scott Co., Marysville, OH) water-soluble fertilizer at the rate of 200 ppm N. All
plants were pinched on 23 April 2004 to four leaf pairs.
Treatments were initiated on 27 April 2004. Plants were set on benches in a complete
randomized block design consisting of 10 blocks with 14 treatments in each block, with 10
experimental units randomly placed, one to each block. The treatment applications were
daminozide of H2O (control), 2,500, 5,000, 7,500 or 10,000 ppm (spray to runoff) and
paclobutrazol drench applications of H2O (control), 5, 10, 15, 20, 25, 30, 35 or 40 mg a.i./pot.
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Days to flower for all plants were recorded. Plants were harvested when half of the
flowers of one inflorescence were open. At harvest, measurements were taken for height, number
of laterals, number of inflorescences, internode length and number of leaves. Data was analyzed
by PROC GLM and comparisons between means were by Tukey’s studentized range P≤ 0.05
(SAS, Cary, NC).
3.3 Results
•

Daminozide Treatments

Daminozide did not affect days to flowering, days to harvest, height, number of laterals,
number of inflorescences, internode length or number of leaves in C. ugandense (Table 3.1 and
figure 3.1).

Control

2500

5000

7500

10,000

Figure 3.1 Pictorial representation of the effect of daminozide
treatments on C. ugandense.
Table 3.1. Growth parameters (means n=10) for C. ugandense as affected by daminozide
spray.
Growth response to treatment
Daminozide
spray (ppm)

Days
Days
Number
Number
Internode Number
to
to
of
of
Length
of
Flower Harvest Height
Laterals Inflorescences (cm)
Leaves
H2O
47 z
68
71
8
3
4.8
132
2,500
36
60
67
7
4
5.0
99
5,000
45
67
69
6
3
5.3
109
7,500
44
67
70
8
4
5.6
121
10,000
35
63
58
7
3
4.9
101
Significance
NS
NS
NS
NS
NS
NS
NS
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates no
significant difference.
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
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•

Paclobutrazol Treatments

Days to flower were reduced as a result of all paclobutrazol treatments by a range of 13
to 19 days compared to control. Days to harvest were reduced as a result of all paclobutrazol
treatments by a range of 13 to 24 d compared to control. Height was also reduced as a result of
all paclobutrazol treatments by a range of 43 to 60 cm compared to control.
Number of laterals was reduced compared to control by paclobutrazol at 15, 20 and 30
mg. a.i./pot by approximately three laterals. Paclobutrazol did not significantly affect number of
inflorescences.
Internode length was reduced by all paclobutrazol treatments compared to control.
Paclobutrazol at 5 and 10 mg a.i./pot reduced internode length by 1.5 to 1.7 cm compared to
control. Paclobutrazol at 15, 20, 25, 30, 35 and 40 mg a.i./pot, reduced internode length by a
range of 3.0 to 3.7 cm and these rates were different from control and different from the
paclobutrazol 5 and 10 mg a.i./pot rates.
Number of leaves were reduced by paclobutrazol at 10, 15, 20, 25, 30, 35 and 40 mg
a.i./pot, compared to control, by a range of 49 leaves to 62 leaves (Table 3.2 and Figure 3.2).

Figure 3.2 Pictorial representation of
the effect of paclobutrazol treatments
on C. ugandense from left to right:
Control, 5 mg a.i./pot, 10 mg a.i./pot,
15 mg a.i./pot, 20 mg a.i./pot, 25 mg
a.i./pot, 30 mg a.i./pot, 35 mg a.i./pot,
40 mg a.i./pot.

Figure 3.3 Pictorial
representation of effect of
paclobutrazol treatment 40 mg
a.i./pot on C. ugandense.
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Table 3.2 Growth parameters (means n=10) for C. ugandense as affected paclobutrazol
drench.
Growth response to treatment
Paclobutrazol Days
Days
No.
No.
Internode No.
Drench
to
to
Height
of
of
Length
of
(a.i./pot)
Flower Harvest (cm) Laterals Inflorescences
(cm)
Leaves
H2O
48 z a
68a
76a
6.2a
2
4.5a
105a
5 mg
30b
55b
33b
5.3a
4
3.0b
84ab
10 mg
30b
44b
16b
4.4ab
4
2.8b
56bc
15 mg
31b
46b
20b
3.4b
3
1.5c
45c
20 mg
31b
46b
20b
3.3b
3
1.1c
45c
25 mg
30b
46b
22b
4.5ab
4
1.1c
54bc
30 mg
30b
46b
21b
4.4ab
4
1.1c
51c
35 mg
35b
49b
19b
3.8b
4
0.8c
43c
40 mg
29b
48b
20b
4.9ab
5
1.0c
48c
Significance ***
***
***
**
NS
***
***
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates
no significant difference.
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
•

Daminozide and Paclobutrazol Treatments

Paclobutrazol was more effective, compared to daminozide, in reducing days to flower,
days to harvest, height and internode length. Number of inflorescences was not affected by either
daminozide or paclobutrazol.
All paclobutrazol treatments had no affect on number of laterals as did daminozide
treatments except for paclobutrazol drench at 15 and 20 mg a.i./pot. These treatments reduced
the number of laterals by an average of 3 cm. All paclobutrazol treatments reduced internode
length compared to daminozide treatments that had no affect on internode length. Number of
leaves were reduced by all treatments of paclobutrazol except paclobutrazol at 5 mg a.i./pot
compared to daminozide treatments that had no affect on number of leaves (Table 3.3).
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Table 3.3. Growth parameters (means n=10) for C. ugandense as affected daminozide
spray and paclobutrazol drench.
Growth response to treatment
Days
Days
Number
Number
Internode Number
Treatments
to
to
Height
of
of
Length
of
Flower Harvest
Laterals Inflorescences
(cm)
Leaves
Daminozide
Spray (ppm)
z
H2O
47a
68a
71a
8.1a
3
4.8a
132a
2,500
43a
60b
67a
6.6ab
4
5.0a
99af
5,000
45a
67ab
69a
6.3ab
3
5.3a
109ac
7,500
44a
67a
70a
7.9a
4
5.6a
121ab
10,000
39ab
63a
58a
6.9ac
3
4.9a
101ae
Paclobutrazol
Drench (a.i./pot)
48a
68a
76a
6.2ab
2
4.5ab
105ad
H2O
5 mg
32bc
55c
33b
5.3ad
4
3.0bc
84bcdefg
10 mg
30c
44c
16b
4.4bd
4
2.8cd
56gh
15 mg
31bc
46c
20b
3.4cd
3
1.5de
45gh
20 mg
31bc
46c
20b
3.3d
3
1.1e
46gh
25 mg
30c
46c
22b
4.5bcd
4
1.1e
54gh
30 mg
30c
46c
21b
4.4bcd
4
1.1e
51gj
35 mg
33bc
49c
19b
3.8cbd
4
0.8e
43h
40 mg
30bc
48c
20b
4.9bcd
5
1.0e
48gh
Significance
***
***
***
***
NS
***
***
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates no
significant difference.
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
3.4 Discussion
Number of leaves were significantly reduced by paclobutrazol at 10, 15, 20, 25, 30, 35
and 40 mg a.i./pot, compared to control, by a range of 49 leaves to 62 leaves (Table 3.2 and
Figure 3.2). This is inconsistent with Nelson (1998) who states that the number of leaves is not
affected by growth retardants. This inconsistency may be explained due to the unusually high
rates of paclobutrazol used in this research. The plants reached maturity earlier and days to
flower were significantly reduced. Flower buds may have been initiated earlier in lieu of
vegetative growth.
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Daminozide did not significantly reduce days to flower, days to harvest, height, number
of laterals, number of inflorescences, internode length or number of leaves. Paclobutrazol,
however, was effective in reducing days to flower, days to harvest, height, number of laterals,
internode length and number of leaves. The exceptions were paclobutrazol at 5 and 10 mg
a.i./pot, which did not reduce internode length, and paclobutrazol at 5 mg a.i./pot, which did not
reduce number of leaves. Paclobutrazol did not significantly affect number of inflorescences.
Comparing the two PGRs, paclobutrazol was more effective compared to daminozide in
reducing days to flower, days to harvest, height and internode length. Number of inflorescences
was not affected by either daminozide or paclobutrazol. Paclobutrazol did not significantly affect
number of inflorescences. All paclobutrazol treatments reduced internode length compared to
daminozide treatments that had no effect on internode length. Number of leaves were reduced by
all treatments of paclobutrazol, except paclobutrazol at 5 mg a.i./pot compared to daminozide
treatments that had no affect on number of leaves.
In conclusion, the most appropriate application rate of PGR in this study was
paclobutrazol drench at 5 to 15 mg a.i./pot. This was based upon reduction of plant size to 1.5 to
2 times the height of the pot and visual quality. This was also based on the number of leaves for
this rate that was not different from control for paclobutrazol at 5 mg a.i./pot. Paclobutrazol at 10
and 15 mg a.i./pot did reduce number of leaves indicating that the plants reached maturity earlier.
The reduction of leaves with paclobutrazol at 10 and 15 mg a.i./pot, however, did not detract
from the visual quality (visual quality not recorded) of the plants because the proportion of
leaves to size of plant was still appealing.
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Chapter 4
PGR Study on C. ugandense and C. bungei and Post-production
4.1 Introduction
Marketable flowering pot plants are most often grown to reach a standard of 1.5 to 2
times the height of the container (Nelson, 1998). Previous studies in Chapter 3 indicated that
drenches with ancymidol and paclobutrazol up to 1.0 mg a.i./pot or sprays up to 200 ppm had
little or no affect on growth retardation for C. ugandense or C. bungei. This research focused on
producing a standard plant height for these two species using rates of PGRs similar to those used
in woody and semi-woody plants. Based upon Chapter 3, the best rates were determined to be
paclobutrazol at 5, 10, or 15 mg a.i./pot and daminozide at 7,500 or 10,000 ppm.
Interior performance of Clerodendrum must also be evaluated to have a successful
market strategy. Good longevity in a typical indoor environment will assure consumer
acceptance (Nell and Barret, 1989). Evaluation of flowering potted plants longevity is known as
post-production (Nell and Hoyer, 1995). Flowering potted plant quality and post-production life
continues to be a significant issue for growers, wholesalers and retailers. Over the past decade,
considerable work has been conducted with poinsettias, chrysanthemums, azaleas and other
crops. The research on poinsettias and chrysanthemums has led to significant improvements in
varieties, handling procedures and increased flowering potted plant life (Nell et al., 1997).
Detailed post-production information is limited to only a few species; in particular, new species
or cultivars should be tested as they appear on the market (Dole and Wilkins, 1999).
The first objective of this research is to determine the rates of daminozide and
paclobutrazol that produce a marketable quality potted plants for C. ugandense and C. bungei.
The second objective of this study is to determine effects of PGRs on post-production quality
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and longevity and to evaluate the post-production quality and longevity of the species C.
ugandense and C. bungei.
4.2 Materials and Methods
•

PGR Study

Semi-woody rooted cuttings with 4-6 leaf pairs of C. ugandense and C. bungei were
planted on 8 July 2004. All cuttings were planted one per 15.2 cm container filled with Fafard
Potting Mix (40% Canadian sphagnum, pine bark, vermiculite and perlite) (Agawam, MA). All
plants received ambient light levels in the greenhouse and at 30° C day/23° C night. Plants were
immediately drenched with Banrot™ (Scott Co., Marysville, OH) at a rate of 2.3g/L-1 water and
Marathon™ (Olympic Horticultural Products, Mainland, PA) at the rate of 1.5g/pot. Weekly
treatments of Orthene™ (Monsanto, San Ramon, CA) at 3 ml L-1. Plants were fertilized with
Peters™ 20N-10P-20K (Scott Co., Marysville, OH) water-soluble fertilizer at the rate of 200
ppm N.
The plants were all pinched 28 July 2004 to four leaf pairs and then the resulting laterals
were pinched again 5 August 2004. All treatments were initiated on 17 August 2004. The spray
applications consisted of daminozide 0, 7,500 or 10,000 mg. Drench applications consisted of
paclobutrazol 0, 5, 10, or 15 mg a.i./pot.
Days to flower of each species were recorded. Plants of C. bungei had measurements
taken when first flower in the inflorescence was open. C. ugandense had measurements taken
when half of the flowers of the first inflorescence were open. Before plants entered the postproduction study, measurements were taken for C. ugandense and C. bungei for height, number
of laterals, number of inflorescences, internode length and number of leaves. Data was analyzed
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by PROC GLM and comparisons between means was by Tukey’s studentized range P≤ 0.05
(SAS, Cary, NC).
•

Post-production Study

Plants should be evaluated using standard interior conditions. A constant temperature of
20o C, relative humidity of 40-60% and an irradiance level of 8 µmol m-2 s-1 should be provided
for 12 hours daily. The light source should provide a spectral light quality equivalent to a cool,
white fluorescent tube. The growing medium should be maintained moist throughout the study.
One-third to one-half air exchange per hour should be used and air should contain less than 0.03
ppm ethylene (Nell and Hoyer, 1995).
Plants of C. ugandense were considered marketable and moved to the post-production
room when half of the flowers of one inflorescence were open. C. bungei were considered
marketable and moved to post-production when the first flower of one inflorescence was open. A
constant temperature of 20+° C, relative humidity of 40-60% and an irradiance level of
10 µmol m-2 s-1 was provided for 12 hours daily using cool, white fluorescent lights. Potting
medium was kept moist at all times.
Plants were rated every two days starting on the first day in the post-production room.
This visual quality rating was measured on a scale of 1 to 5. The rating scale was defined by the
following: inflorescences with all buds still viable and opening received a rating of 5,
inflorescences fully open with no more buds left to open received a rating of 4, inflorescences
between 50% and 25% of flowers still open received a rating of 3, inflorescences with 25% or
less flowers open received a rating of 2, and inflorescences with all flowers senesced received a
rating of 1. There were no necrotic or chlorotic leaves noted for any species in post-production.
The post-production study for C. ugandense began on 24 September 2004 and ended on 2
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November 2004. The post-production study for C. bungei began on 1 October 2004 and ended
on 26 November 2004. Data was analyzed by PROC GLM and comparisons between means was
by Tukey’s studentized range P ≤ 0.05 (SAS, Cary, NC).
4.3 Results
•

PGR Study

All PGR treatments reduced the days to flower, compared to control, for C. ugandense.
Days to flower were reduced by 11 d for paclobutrazol treatments, while Daminozide reduced
days to flower by only 4-6 d. Days to harvest were not reduced by daminozide. Paclobutrazol
reduced days to harvest significantly by 15-17 d compared to control. Height was reduced by
paclobutrazol drench at 10 and 15 mg a.i./pot by 14 to 20 cm, respectively. Only paclobutrazol
drench at 15 mg a.i./pot reduced internode length by 0.9 cm.
Number of inflorescences, number of laterals or internode length were not affected by
daminozide or paclobutrazol compared to control. Only paclobutrazol at 5 and 15 mg a.i./pot
reduced the number of leaves (Table 4.1 and Figures 4.1, 4.2 and 4.3).

Figure 4.1 Pictorial representation of the effect of control
on C. ugandense.
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Figure 4.3 Pictorial representation of
effect of paclobutrazol™ 15 mg a.i./pot
drench on C. ugandense.

Figure 4.2 Pictorial representation of effect
of paclobutrazol™ 10 mg a.i./pot drench on
C. ugandense.

Table 4.1. Growth parameters (means n=9) for C. ugandense as affected by daminozide
spray and paclobutrazol drench.
Growth response to treatment
Treatment

Days
Days Height Number
Number
Internode Number
to
to
(cm)
of
of
Length
of
Flower Harvest
Laterals Inflorescences
Leaves

Daminozide
Spray (ppm)
H2O
7500
10,000
Paclobutrazol
Drench
(mg a.i./pot)

31a
27b
25b

57a
55a
54a

48a
46a
45a

6
5
6

5
5
6

2.8ab
3.4a
3.9a

77ab
70ac
82a

5
20c
42b
42a
5
5
3.3a
56c
10
20c
40b
34b
6
6
2.6ac
60bc
15
20c
42b
28b
4
4
1.9c
44c
Significance
***
***
***
NS
NS
***
***
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates no
significant difference.
NS ,

, ,
Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
* ** ***
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Neither daminozide nor paclobutrazol significantly affected days to flower, days to
harvest, height, number of laterals, number of inflorescences, internode length or number of
leaves in C. bungei (Table 4.2 and Figure 4.4).

15 mg
7,500

10,000
7,500

Control

Figure 4.4 Pictorial representation of the effect of paclobutrazol™, 15mg a.i./pot drench,
daminozide™ 7,500 ppm spray, daminozide 10,000 ppm spray on C. bungei.

Table 4.2. Growth parameters (means n=9) for C. bungei as affected by daminozide spray and
paclobutrazol drench.
Growth response to treatment
Treatment
Days
Days
Height Number
Number
Internode Number
to
to
(cm)
of
of
Length
of
Flower Harvest
Laterals Inflorescences
Leaves
Daminozide
Spray (ppm)
H2O
32
74
47
1
1
4.9
20
7,500
28
66
40
2
1
4.7
20
10,000
28
66
40
2
1
4.0
19
Paclobutrazol
Drench
(mg a.i./pot)
5
35
70
44
2
2
4.7
25
10
24
61
39
1
1
4.1
18
15
40
74
47
2
1
4.9
30
Significance
NS
NS
NS
NS
NS
NS
NS
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates no
significant difference
NS ,

, ,
Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
* ** ***
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Post-production Study
Ratings above 3 were considered acceptable, while ratings at 3 or below were
unacceptable as quality plants. Thus, C. bungei were considered acceptable as marketable plants
until day 7 of this study Figure 4.5.
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a
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ab

5

4.9

b

b

4.4

4

4.1
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3
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3

d

2.6

2.2

2

e

1

1

0
1

3

5

7

9

11

13

15

Days
Figure 4.5 Mean of post-production quality ratings for all treatments of Clerodendrum bungei by
two-day intervals
The C. ugandense were acceptable as marketable plants until day 5 of this study (Figure 4.6).
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Figure 4.6 Mean of post-production quality ratings for all treatments of Clerodendrum
ugandense by two-day intervals.
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•

Post-production Study –Results of Treatments

 C. bungei
Neither daminozide nor paclobutrazol had any effect on Clerodendrum bungei quality
ratings in post-production (Table 4.3).
Table 4.3 Effect of daminozide spray and paclobutrazol drench on post-production
longevity ratings of Clerodendrum bungei.
Quality Rating for Days in Post-production Room
Treatment
1
3
5
7
9
11
13
15
17
Daminozide Spray (ppm)
H2O
5.0
5.0
4.5
4.3
3.0
2.8
2.3
1.3
1.0
7,500
5.0
4.8
4.0
3.3
2.7
2.5
2.3
1.5
1.0
10,000
5.0
4.8
4.2
3.7
2.5
2.0
1.0
1.0
1.0
Paclobutrazol Drench
(mg a.i./pot)
5
5.0
4.7
4.6
4.3
3.1
2.7
2.6
1.6
1.0
10
4.8
4.9
4.4
4.3
3.4
2.5
2.1
1.3
1.0
15
5.0
4.8
4.7
4.7
3.3
3.0
2.7
1.0
1.0
Significance
NS
NS
NS
NS
NS
NS
NS
NS
NS
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates
no significant difference.
NS , ,
,
.
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively

 C. ugandense
On day three, plants treated with paclobutrazol at 5, 10 and 15 mg a.i./ /pot held the
rating of 5 for all three rates. Daminozide did not affect the rating. On day five, paclobutrazol
drench 10 and paclobutrazol 15 mg a.i./pot reduced the rating by 2.3 and 1.8, respectively,
compared to control. On day 7, only paclobutrazol drench 10 mg. a.i./pot reduced the rating by
1.3 compared to control. On day 9, there was no effect by daminozide or paclobutrazol
treatments on any ratings (Table 4.4).
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Table 4.4 Effect of daminozide spray and paclobutrazol drench on post-production
longevity ratings of Clerodendrum ugandense
Quality Rating for Days in Post-production Room
Treatment
1
3
5
7
9
11
13
Daminozide Spray
(ppm)
H2O
5.0
4.6b
4.2a
2.4ab
1.6
1.4ac
1.0
7,500
5.0
4.8ab
4.3a
2.3ac
1.2
1.2ab
1.0
10,000
5.0
4.9ab
4.3a
3.0a
1.3
1.1bc
1.0
Paclobutrazol
Drench (mg a.i./pot)
5
5.0
5.0a
3.6ab
2.1ad
1.2
1.0b
1.0
10
5.0
5.0a
1.9b
1.1d
1.0
1.0b
1.0
15
5.0
5.0a
2.4b
1.4bcd
1.1
1.0b
1.0
Significance
NS
*
***
***
NS
*
NS
z
Mean within columns are separated by PDIFF at P≤0.05. No letters within column indicates
no significant difference
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
4.4 Discussion
The objectives of this research were to determine the rates of daminozide and
paclobutrazol that produce a marketable quality potted plants at a standard of 1.5 to 2 times the
height of the container. Rates of daminozide and paclobutrazol that were determined to be
appropriate from the previous chapter with the species C. ugandense were used for C. ugandense
and C. bungei. C. ugandense responded to all paclobutrazol and daminozide treatments (Table
4.1 and figures 4.2 and 4.3). Paclobutrazol at 10 mg a.i. per pot approached the 1.5 to 2 times
standard and was considered to afford the best height control and produce a marketable plant.
C. bungei did not respond significantly to either daminozide or paclobutrazol treatments
compared to control (Table 4.2 and Figure 4.4).
Based on the visual quality rating system in this experiment, C. bungei were acceptable
as marketable plants until day 7, and C. ugandense were acceptable as marketable plants until
day 5. Neither daminozide nor paclobutrazol had any effect on Clerodendrum bungei quality
ratings in post-production. In Clerodendrum ugandense, however, there were significant
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differences in post-production when comparing the daminozide and the paclobutrazol treatments.
On day 5, 7 and 11, the paclobutrazol treated plants had significantly lower visual quality ratings
compared to control and compared to those treated with daminozide.
It should be noted that C. ugandense treated with paclobutrazol at 10 mg a.i./pot
approached the 1.5 to 2 times standard and was considered to afford the best height control and
produce a marketable plant (Table 4.4.). Therefore, it appears that this treatment may produce a
quality plant but it has a negative effect on post-production longevity.
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Chapter 5.
Gibberellic Acid and Ancymidol Treatments for C. thomsoniae Grown around a Hoop
5.1 Introduction
The floriculture industry is always searching for new flowering pot plants to meet the
needs of the consumer. There has been a strong emphasis on providing the consumer with
“something different” (Armitage, 1986). Training a vine, to take the shape of a support has been
done with various types of ivy and has caught the eye of the consumer. Successfully training a
flowering vine on a support adds color providing greater interest and marketability.
Gibberellic acid (Pro-Gibb™) was evaluated in this experiment to promote stem
elongation for fast coverage of the round hoop support by the species C. thomsoniae.
Gibberellins are most commonly used to increase stem elongation and induce flower
development (Dole and Wilkins, 1999). Gibberellic acid (GA) can stimulate growth by
increasing cell elongation in some plant species, and by increasing both cell elongation and cell
division in others (Metraux, 1987; Jupe et al., 1988). GAs are used to enhance elongation of
many cut flowers and to promote bud break, thus producing more flowering shoots (Halvey,
1995). Stem elongation mediated by gibberellins can be measured quantitatively by recording
internode lengths of GA treated plants. In C. thomsoniae, the use of GA3 and GA3 plus
ancymidol resulted in internode elongation and failure to flower regardless of photoperiod
(Kornaski, 1976).
Ancymidol was used in this experiment to retard stem elongation and promote flowering
(Koranski, 1976). Ancymidol, a pyrimidine analog, is used primarily to retard stem elongation of
annuals and perennials grown in containers (Basra, 2000). Ancymidol effectively controls the
height of, and is labeled for, numerous annual and perennial plants, and can be applied as a spray
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or drench depending on the crop (Nelson, 1998). Ancymidol, applied as a foliar spray at 6 and 8
ppm, however, was the most effective method of height control and resulted in a 50-fold increase
in flowers (Koranski, 1976). Kruger (1979) reported that sprays of 50 ppm ancymidol reduced
plant growth by 40% of the control and resulted in superior flowering. Ancymidol as a drench at
2, 4, 6 and 8 ppm was found to be deleterious to plant growth (Fountain, 1977).
The objective of this research was to determine the appropriate rates of gibberellin to
promote vegetative growth to sufficiently cover the round hoop support. After the support hoop
was covered, ancymidol 100 ppm spray was applied to reduce vegetative growth and induce
flowering.
5.2 Materials and Methods
Semi-woody rooted cuttings with 4-6 leaf pairs of C. thomsoniae were planted on 3 May
2004. All cuttings were planted one per 15.2 cm container filled with a mixture of 5:3
Promix:pine bark (Premier Horticulture, Red Hill, PA). All plants received ambient light levels
in a polycarbonate greenhouse with temperature set points of 30° C day/23° C night. Plants were
immediately drenched with Banrot™ (Scott Co., Marysville, OH) at a rate of 2.3 g L-1 and
Marathon™ (Olympic Horticultural Products, Mainland, PA) at the rate of 1.5 g per pot. Weekly
treatments of Orthene™ (Monsanto, San Ramon, CA) at 3 ml/l-1. Plants were fertilized with
Peters™ 20N-10P-20K (Scott Co., Marysville, OH) water-soluble fertilizer at the rate of 200
ppm N.
Two weeks after transplant, central leaders were pinched to an average of 24 cm. The
30 cm diameter ivy hoops (Hummert Intl., Earth City, MO) were stuck into media next to the
cutting. On 4 June 2004 after two leaders were present, treatments were initiated on all plants.
The treatments consisted of H2O (control), gibberellic acid 4% (Valent Bioscience, Libertyville,
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IL) at 100, 200, 300 or 400 ppm spray. Treatments were randomly assigned for a complete
randomized design in 5x3 factorial. These treatments were applied 1, 2 and 3 times separated by
week corresponding to the weeks of 4 June, 11 June and 18 June 2004.
The two main leaders were trained around the hoop, one to the left and one to the right.
These leaders were wrapped and trained around the hoop in each direction. After these leaders
encircled the 30 cm diameter hoop twice, they were treated with ancymidol at 100 ppm spray to
retard growth and promote flowering. These dates varied, and so the date that ancymidol was
applied were recorded. Flower initiation dates, before and after ancymidol treatment, were
recorded for each plant. Data collection began 8 September or when plants had at least 10
inflorescences. Plants that did not meet the 10-inflorescence criteria were measured on 10
October 2004 when experiment was terminated.
Data was analyzed by PROC GLM and comparisons between means was by Tukey’s
studentized range P≤ 0.05 (SAS, Cary, NC).
5.3 Results
After these leaders encircled the 30 cm diameter hoop twice, they were treated with
ancymidol. These dates were noted in Table 5.1, 5.2 and 5.3 as days to ancymidol treatment. The
number of GA applications did not affect the number of days to ancymidol application.
However, all the treatments of GA at 100, 200, 300 or 400 ppm reduced the number of days to
ancymidol application by 15 to 23 d. Days to harvest increased for plants that had three GA
applications. Flower initiation after ancymidol treatment was reduced for plants that had three
GA applications. Neither days to ancymidol treatment nor flower initiation before ancymidol
treatment was affected by number of GA applications (Table 5.1).
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Table 5.1 Growth and flowering response of C. thomsoniae as affected by gibberellic acid
(GA) and ancymidol (n = 10).
Growth response to treatment
Number of GA
Applications

Days to
ancymidol
Treatmentx

Days to
Harvest

1
2
3
Significance

63
58
56
NS

116b
119ab
123a
***

Flower Initiation Flower Initiation
before
after
Ancymidol Trt
Ancymidol Trt
Yes=1 or No=0
Yes=1 or No=0
0.5200
0.840a
0.4400
0.680a
0.3800
0.420b
NS
***

Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates
no significant difference
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively
x
Number of days required to encircle a 30 cm hoop twice.
All gibberellic acid rates also reduced the number of days to days to harvest by up to 27
d. There was no difference between rates. Flower initiation before ancymidol treatment was
reduced by all rates of GA compared to the control; however, there were no differences between
the rates. Flower initiation after ancymidol treatment was reduced by number of GA applications
(Table 5.2).
Table 5.2 Growth and flowering response of C. thomsoniae as affected by gibberellic acid and
ancymidol (n = 10).
Growth response to treatment
Gibberellic Acid
Rate (ppm)

Days to
ancymidol
Treatmentx

Days to
Harvest

H2O

74a

101b

Flower
Flower Initiation after
Initiation before
ancymidol Trt
ancymidol Trt
Yes=1 or No=0
Yes=1 or No=0
0.9667a
0.5667

100
51b
122a
0.2000b
0.6667
200
56b
121a
0.2333b
0.8000
300
52b
124a
0.3667b
0.5667
400
59b
128a
0.4667b
0.6633
Significance
***
***
***
NS
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates no
significant difference
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively
x
Number of days required to encircle a 30 cm hoop twice.
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Even though there were significant interactions between number of applications and rates
of GA, there was no logical pattern. No matter what the rate of GA or the number of
applications, the days to harvest was only reduced by the control. The greater the number of
applications at the lower rates of GA, the lower the flower initiation rate before ancymidol
application. Significant differences between interactions of flower initiation after ancymidol
treatment were between one application of 200 and 300 ppm GA and 3 applications at 300 ppm
of GA.
Table 5.3 Growth and flowering response of C. thomsoniae as affected by gibberellic acid
and ancymidol (n = 10).
Growth response to treatment
Number of
Days to
Days to
Flower
Flower Initiation
Gibberellic Acid
ancymidol
Harvest
Initiation before
after
Applications and
Treatmentx
Ancymidol Trt
Ancymidol Trt
Rate (ppm)
Yes=1 or No=0
Yes=1 or No=0
One
H2O
75.9ab
102.3bc
0.9ab
0.5ab
100
56.8abcd
116.3ab
0.4abc
0.9ab
200
57.1abcd
116.2ab
0.3bc
1.0a
300
59.1abcd
118.1ab
0.4abc
1.0a
400
65.4abcd
127.8a
0.6abc
0.8ab
Two
H2O
64.6abcd
96.2c
1.0a
0.8ab
100
50.2bcd
121.8a
0.2c
0.7ab
200
70.2abc
122.6a
0.1c
0.9ab
300
48.8cd
129.3a
0.3bc
0.4ab
400
56.2abcd
129.3a
0.6abc
0.6ab
Three
82.1a
104.6bc
1.0a
0.4ab
H2O
100
48.8cd
130.0a
0.1c
0.4ab
200
43.4d
125.6a
0.3bc
0.5ab
300
48.2cd
126.6a
0.4abc
0.3b
400
55.7abcd
129.3a
0.2c
0.5ab
Significance
***
***
***
***
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column indicates no
significant difference
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively
x
Number of days required to encircle a 30 cm hoop twice.
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5.4 Discussion
The objective of this research was to determine the appropriate rates of GA to promote
vegetative growth to sufficiently cover the round hoop support. After the support hoop was
covered, ancymidol at 100 ppm spray was applied to reduce vegetative growth and induce
flowering (Koranski, 1976).
Most of the significant interactions in days to ancymidol treatment, days to harvest and
flower initiation after ancymidol treatment, have no relevance to commercial production of C.
thomsoniae on hoops. The only interaction that had any significance to commercial production
was the two or three applications of 100 or 200 ppm of GA which significantly reduced flower
initiation before ancymidol treatment.
The lower rates of GA applied two or three times kept the plants in the vegetative stage
of growth longer than control (Table 5.3) These lower rates, however, did not affect flower
initiation after ancymidol treatment. Gibberellic acid applied two or three times at 100 ppm was
considered the best treatment and most economical for covering the hoop faster and providing
greater flower initiation.

Figure 5.1 Pictorial representation of a marketable plant.
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Chapter 6.
Photoperiodism of Three Species of Clerodendrum
6.1 Introduction
Photoperiodism is the response of a plant to the day-night cycle. The mechanism that
allows plants to track time actually measures the dark period (Nelson, 1998). The pigment in
photoperiodic plants known as phytochrome serves as the light receptor. When the plant is in the
daylight or artificial light, phytochrome exists in a form known as Pfr, which is sensitive to light
in the far-red region with a peak response at 735 nm. The Pfr form is the active form that
controls the photoperiodic response. It inhibits flowering in long-night plants and promotes
flowering in short-night plants (Nelson, 1998).
Response can mean many things such as flower initiation and development, plant
dormancy, seed germination and plant growth habit. Many plant responses can be divided into
three basic types: short day (SD), long day (LD) and day neutral (DN). SD plants will flower
when the dark period is longer than the critical length and LD plants will flower when the dark
period is shorter then the critical length (Dole and Wilkins, 1999).
Clerodendrum is native to the tropics mainly in the Eastern Hemisphere (Bailey, 1977).
The species origin studied in this thesis has a very wide range, from South East Asia to the
Philippines to Java and China. These locations present significant variation in day length
throughout the year. In order to extend the flowering period of Clerodendrum species, it is
necessary to understand the effects of photoperiod of these varied species on their vegetative and
reproductive growth.
Previous photoperiod research has been conducted primarily on Clerodendrum
thomsoniae. C. thomsoniae flowers spring through summer and photoperiod has little effect on
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flower initiation (Fountain, 1977). Research by Beck (1975) indicated that flower initiation may
be independent of day length, but flower development is favored by short days. Approximately
35 short days are required for flower initiation and development (Engel, 1983; Shillo and Engel,
1985). Long days can delay development prior to visible bud (Stromme and Hildrum, 1985).
Thus, C. thomsoniae should be considered a facultative (quantitative) short day plant. Light
intensity greater than 720 µmol s-1 m-2 is required for flower initiation regardless of photoperiod
(Fountain, 1977). Koranski (1976) speculated that a high red to far-red ratio induced flowering
where a low red to far-red radiation delayed flowering. There is no information on the
photoperiodicity of the remaining species.
The objective of this experiment was to determine the effect of photoperiod on growth
and flowering of Clerodendrum paniculata, C. speciosissimum and C. phillippinum.
6.2 Materials and Methods
Plants of C. paniculata, C. speciosissimum and C. phillippinum were planted on 2
January 2004 one per 15.2 cm container filled with a mixture of 5:3 Promix: pine bark (Premier
Horticulture, Red Hill, PA). On 2 January 2004, all plants were pinched and placed on treatment
benches. Treatments consisted of 8, 12 and 16-h photoperiods. Treatments were applied by using
an automated black-cloth system that pulled blackout curtains over each bench at 1700, 2100 and
0100 hours. The curtains opened at 0900 hours. Supplemental light used to extend the light
period was provided for 0, 4 and 8 hours by 1000 watt High Intensity Discharge Lamps (Venture
Lighting, Cleveland, OH) to extend the 8, 12 and 16-hour photoperiod, respectively. Plants of
each species were randomly placed under each photoperiod treatment.
Temperature set points of 30° C day/23° C night were maintained. Plants were treated
with Marathon™ (Olympic Horticultural Products, Mainland, PA) at the rate of 1.5 g/ pot.
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Duraguard™ (Whitmire Micro-Gen Research Labs. St. Louis, MO) was applied as a sprench at
the rate of 7.8 ml L-1 to control fungus gnats. Weekly treatments of Maverick™ spray (Monsanto
Co., St Louis, MO) at a rate of 1.16 g L-1 began 6 January 2004 for all plants. Plants were
fertilized with Peters™ 20N-10P-20K (Scott Co., Marysville, Ohio) water-soluble fertilizer at
the rate of 200 ppm N.
Days to flower for the three species were recorded. Plants were all harvested on 3 March
2004 and height, number of laterals and number of inflorescences were recorded. Data was
analyzed by PROC GLM and comparisons between means were by Tukey’s studentized range P
≤ 0.05 (SAS, Cary, NC).
6.3 Results
After 61 d in the photoperiod treatment, C. paniculata flowered an average of 30 d in the
12 h treatment, an average of 31 d in the 16 h treatment and had no flowers in the 8 h treatment.
For the 8 h photoperiod, days to flower, height and number of inflorescences were significantly
different from the 12 h and 16 h photoperiod. Therefore, this species was determined to be a long
day plant. Plant height at hour 8 was less than those grown at 12 h and 16 h (Table 6.1 and
Figure 6.1).

8 hours

12 hours

16 hours

Figure 6.1 Pictorial representation of the effect of the three photoperiods on
C. paniculata.
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Table 6.1 Growth parameters (means n=6) for C. paniculata. as affected by
photoperiod
Growth response to treatment
Photoperiod
Days to Flower
Height
Number of
Number of
(hours)
(cm)
Laterals
Inflorescences
8
0b
38b
1.0
0b
12
30a
67a
1.0
1a
16
31a
60a
1.2
1.2a
Significance
***
***
NS
***
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column
indicates no significant difference.
NS , ,
,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
After 61 d in the photoperiod treatment, C. speciosissimum flowered an average of
27 d in the 12 h treatment, an average of 31 d in the 16 h treatment and had no flowers in the 8 h
treatment. For the 8 h photoperiod, days to flower, height and number of inflorescences were
different from the 12 and 16 h photoperiod. Therefore, this species was determined to be a long
day plant. Plant height at 8 h was less than those grown at 12 h and 16 h (Table 6.2 and Figure
6.2).

12 hour

16 hour

8 hour

Figure 6.2 Pictorial representation of the effect of the three
photoperiods on C. speciosissimum
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Table 6.2 Growth parameters (means n=7) for C. speciosissimum as affected by
photoperiod.
Growth response to treatment
Photoperiod
Days to Flower
Height
Number of
Number of
(hours)
(cm)
Laterals
Inflorescences
8
0b
44b
1.4
0b
12
29a
75a
1.4
5.4a
16
33a
67a
1
3.7a
Significance
***
***
NS
***
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column
indicates no significant difference
NS , , ,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
After 61 d in the photoperiod treatment, C. phillippinum flowered an average of 39 d in
the 12 h treatment, an average of 17 d in the 16 h treatment and had no flowers in the 8 h
treatment. For the 8 h photoperiod, days to flower, height and number of inflorescences were
different form the 12 and 16 h photoperiod. Therefore, this species was determined to be a long
day plant (Table 6.3 and Figure 6.3).

8 hour

12 hour

16 hour

Figure 6.3 Pictorial representation of the effect of the three photoperiods on C. phillippinum.
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Table 6.3. Growth parameters (means n=4) for C. phillippinum as affected by
photoperiod
Growth response to treatment
Photoperiod
Days to Flower
Height
Number of
Number of
(hours)
(cm)t
Laterals
Inflorescences
8
0b
45
2.8
0b
12
41a
62
2.3
2.5a
16
19a
47
2.8
1.8a
Significance
**
NS
NS
*
z
Mean within columns are separated by PDIFF at P ≤ 0.05. No letters within column
indicates no significant difference
NS , , ,
* ** *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001 respectively.
6.4 Discussion
The objective of this experiment was to determine the photoperiod of C. paniculata, C.
speciosissimum and C. phillippinum. C. paniculata and C. speciosissimum were determined to be
long day plants.
Height of C. paniculata and C. speciosissimum was significantly increased by the 12 and
16-h photoperiod, which may indicate that these species prefer long days to reach height
maturity.
The difference in height compared to control in two species may be partially explained by
the type of bulbs being used in this experiment. High Intensity Discharge (HID) lamps are the
preferred lamps for night interruption lighting in greenhouses. They have replaced incandescent
lights in this setting. The light-emission spectrum of HID lamps extends beyond the visual range
and this range is required for stem elongation, increased fresh weight and early flowering in most
plants (Nelson, 1998). A further explanation of the height differences compared to control may
by due to the increased light period. This allows the long day plants to grow for a longer period
in the presence of light.
Further study is necessary to determine the photoperiod of other Clerodendrum species.
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7. Conclusions
The genus Clerodendrum has a wide variety of traits that make it a good candidate for a
new crop for the floriculture industry. Characteristics of these plants that make them attractive to
the industry are variation in type of foliage, production of many flowering inflorescences on one
plant, and some have continuous bloom and are fast growing with a short production cycle.
The effect of growth regulators gibberellic acid, daminozide, ancymidol and
paclobutrazol were evaluated on species of Clerodendrum grown as flowering pot plants. Studies
on photoperiod and post-production longevity were also included. Experiments were conducted
on C. bungei, C. thomsoniae, C. ugandense, C. speciosissimum, C. phillippinum, C. paniculata
and C. speciosissimum in polycarbonate greenhouses.
For C. thomsoniae, the best growth control was achieved by applying paclobutrazol and
ancymidol drench at a rate of 1.0 mg a.i./pot. For C. ugandense, the most appropriate application
rate of PGR was paclobutrazol drench at 5 to 15 mg a.i./pot. C. bungei did not respond
significantly to either daminozide or paclobutrazol treatments.
Based on the visual quality rating, C. bungei were acceptable as marketable plants until
day 7, and C. ugandense were acceptable as marketable plants until day 5. Neither daminozide
nor paclobutrazol had any effect on C. bungei quality ratings in post-production. In C.
ugandense, however, there were significant differences in post-production when comparing the
daminozide and the paclobutrazol treatments. On day 5, 7 and 11, the paclobutrazol treated
plants had significantly lower visual quality ratings compared to control, and compared to those
treated with daminozide. It appears that the paclobutrazol treatment may produce a quality plant,
but has a negative effect on post-production longevity.
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Gibberellic acid at 10 ppm was considered the best rate and most economical rate for
promoting optimum vegetative growth of C. thomsoniae to sufficiently cover a round support
hoop to produce a marketable plant.
In summary, C. ugandense can be an attractive addition to the industry as a flowering
potted plant if appropriate PGR treatments are applied. C. bungei, however, is not considered a
good candidate as a flowering potted plant. The species C. phillippinum, C. paniculata and C.
speciosissimum were found to be LD plants; however, since all are vigorous growers, further
study is needed to determine appropriate rates of PGRs for these species. It is possible to train C.
thomsoniae around a 30 cm hoop and produce a quality plant by using gibberellic acid at 10 ppm
and ancymidol.
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